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This year we celebrate the 150th anniversary of the birth of Kristian Birkeland and the 100th anniversary 
of his death. So well known is Birkeland in 
his home land of Norway that his portrait 
appeared on the 200 NoK bank note until 
this year (figure 3) and features on the tail 
of a Norwegian Airlines plane, yet he is 
generally unrecognized in Britain. 
In the vibrant years just before its 
independence in 1905, Norway produced 
some of its best-known sons: Henrik Ibsen, 
Edvard Munch, Edvard Grieg and Roald 
Amundsen are justly famous in Britain. 
However, in many ways the scientist Birke-
land was just as creative and remarkable. 
He was an early prodigy, publishing his 
first scientific paper at the age of 18. After 
postgraduate study with Henri Poincaré in 
France, he became the youngest professor 
of physics and mathematics at Christiana 
University (now the University of Oslo). 
This was only the beginning. 
Expeditions
Fascinated by the aurora, he became a polar 
explorer. He then also became something 
of a showman at times, because he needed 
to catch the public eye to raise the large 
amounts of money for his expeditions into 
the Arctic. Those expeditions led to the 
major scientific breakthroughs in under-
standing the aurora and its relationship 
to geomagnetic disturbances. He showed 
that the Northern Lights are not a meteor-
ological effect, but have their origin high 
above the atmosphere in beams of electrons 
accelerated from space. 
Not only was Birkeland the man who had 
the key insight that opened up our under-
standing of how the solar and terrestrial 
environment interlink, but he also believed 
in applying science to immediate problems, 
eventually holding more than 50 patents. 
He invented an electromagnetic gun, pat-
ented in the US in 1904 (figure 4), 
which led in a strange way 
to his becoming the 
co-founder of what 
later became the 
largest company 
in Norway: 
Norsk Hydro. 
The gun 
famously 
worked on 
every occa-
sion it was 
tested, until 
it exploded at 
a public event 
held in Oslo 
to unveil it. The 
failure involved 
a massive electrical 
discharge and resulted 
in Birkeland becoming a 
figure of fun in the Nor-
wegian press. No doubt 
he could have fixed the problem immedi-
ately, but within a week or so chance led 
him to meet at a dinner a businessman, 
Sam Eyde, who set him off on an alternative 
track. Eyde wanted to make lightning in 
controlled circumstances. With the recent 
public embarrassment probably foremost in 
Birkeland’s mind, he is said to have echoed 
Archimedes, simply exclaiming: “I have it!” 
Eyde required lightning for a process to 
fix nitrogen from air. Norway had abundant 
hydroelectricity and the Eyde–Birkeland 
process led to the first artificially produced 
fertilizers. The foundation of Norsk Hydro 
was based on exploiting the process. The 
company not only still exists but, much 
diversified and now called Yara, operates 
in more than 50 countries. Birkeland was 
nominated several times for a Nobel Prize 
for inventing the fertilizer process. 
Ahead of his time
The auroral polar light displays in the 
northern and southern hemispheres are 
now seen as the most dramatic 
visual feature of a whole 
new science called 
space weather. 
Birkeland would 
probably not be 
surprised, but 
nearly all his 
scientific con-
temporaries 
of a century 
ago would 
be amazed. 
Now, in our 
electronically 
connected 
modern world, 
understanding 
space weather is a 
fundamental require-
ment. 
Birkeland was always 
a man ahead of his time. 
His first proposal that 
electron beams lay at the heart of the aurora 
came only a few years after Thompson’s 
discovery of the particle itself in 1897. The 
sketch in figure 2 is easily recognizable to a 
solar–terrestrial physicist of today. It shows 
oppositely directed currents flowing along 
the Earth’s magnetic field lines from space, 
closing through the conducting upper 
atmosphere of Earth (now known as the 
ionosphere). Such a current system with an 
electromagnetic field far out in space – the 
solar wind – is now taken for granted. 
It was typical of Birkeland that he pur-
sued proof of his idea of auroral origins 
with experiments. For these he used an 
experimental vacuum set-up very like 
that used by Thompson for establishing 
the existence of the electron. However, 
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1 Kristian Birkeland, taken by Carl Størmer 
with a concealed camera in 1895. (UiO)
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Birkeland introduced a magnetized sphere 
as the target for electron beams. He called 
his model Earth a terrella, following the 
Elizabethan scientist William Gilbert 
(1600). The experiments showed the 
residual gas in the vacuum chamber lit up 
in a ring around the pole of the sphere, just 
as occurs in practice around the Earth with 
its auroral zones. 
Many research groups took up terrella 
experiments during the 20th century, hop-
ing to understand the phenomena they 
demonstrated. Birkeland and his student, 
Fredrik Carl Mülertz Størmer (known as 
Carl Størmer), could never satisfactorily 
explain why the electrons avoided the poles 
of the magnet. Any hope of explanation 
had to await the discovery of a collision-free 
ionized plasma regime in a magnetic cavity 
surrounding the Earth, the magneto sphere, 
which came only with the advent of the 
space age. Nonetheless, Størmer’s calcula-
tions of energetic charged particle motion in 
a dipole magnetic field underpinned work 
on cosmic rays worldwide; he was elected to 
the Royal Society of London in 1951. 
Størmer’s entire career was founded 
on his work for Birkeland. A particular 
eccentricity of his merits mention here. In 
the 1890s, Størmer obtained a spy camera 
that he used to photograph surreptitiously 
the haut monde on Karl Johans Gate, the 
main street of Christiana, as Oslo was 
then known. Many well-known people, 
including the playwright Henrik Ibsen 
and the botanist and linguist Ivar Aasen, 
were among the numerous well-dressed 
young men and ladies who were snapped; 
the men were almost always in the act of 
raising their hat to him. Figure 1 shows 
a picture he took of Birkeland in 1895. 
Størmer admitted that Birkeland was the 
only one of his subjects who ever spotted 
what he was doing. 
A strange life
Despite his great success, Birkeland died an 
unhappy man in obscure circumstances in 
a guesthouse in Tokyo in Japan at 50 years 
of age during the first world war. He had 
been visiting the University of Tokyo, but 
became almost stranded in Japan by the 
outbreak of the Russian Revolution.
Ironically, it would take another 50 years 
3 The front of the Norwegian 200 krone note in circulation until 2017. The terrella experiment is shown 
above the 200, while schemata of auroral displays and snowflakes are included in the pattern.
2 Reproduction of the sketch on p105 of Birkeland 
(1908) (Southwood 2015). Birkeland envisages 
neutral streams of charged particles flowing down 
the magnetic field into the auroral ionosphere. 
It is not clear in the text, but the dotted and 
dashed lines presumably represent the streaming 
charges of opposite sign. The incident electrons 
(or cathode rays) cause the auroral light display. 
On the flanks, current flows in or out of the upper 
atmosphere (ionosphere). Within the ionosphere 
there is a horizontal current in the direction of the 
arrow. (Springer)
4 The heading of 
Birkeland’s 1904 US 
patent application 
no. 754637 for the 
electromagnetic gun.
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after his death for his greatest insight – 
that the polar aurorae arise from electri-
cally charged particles hitting the upper 
atmo sphere – to be firmly proven. The 
proof came from an American military 
spacecraft that detected localized magnetic 
disturbances above the terrestrial auroral 
zone. The magnetic perturbations could 
only arise from electrical currents flowing 
between space and the upper atmosphere, 
as Birkeland had predicted and as is 
sketched in figure 2. Oddly, given Birke-
land’s work 50 years before, they came as a 
surprise to the scientific community.
With its tragic ending, comic episodes 
and larger-than-life experiences, his life 
reads like fiction. Indeed, Lucy Jago (2001) 
tells his life story almost as a novel, with 
emphasis on his personality and in under-
standing how his extraordinary scientific 
drive contributed not only to the immense 
technical successes he had, but also to the 
break-up of his domestic life and indeed 
to the growing sense of alienation or even 
paranoia that led to his death, possibly by 
his own hand. 
We cannot follow his life fully in this 
short paper. Jago’s book gives a view 
centring on his humanity. A detailed life 
is provided by Egeland and Burke (2005) 
while some of the antagonisms we discuss 
below are outlined well, but not explained, 
by Borowitz (2008). We address the issue of 
why the discovery 50 years ago of the cur-
rent systems that Birkeland had predicted 
60 years before that, took the scientific com-
munity by surprise. 
Why was Birkeland (largely) forgotten?
After his death in 1917, Birkeland was 
largely forgotten outside Scandinavia. 
The Swedish Nobel Prize winner Hannes 
Alfvén was the honourable exception; he 
took Birkeland’s ideas further, but he too 
had difficulties in getting his ideas across 
in many quarters. Nevertheless, in his 
homeland Birkeland was not forgotten. In 
1967, the same year that American space 
satellite data showed that Birkeland’s ideas 
were correct, the Norwegian Academy of 
Sciences organized a centenary sympo-
sium. Ten years after the Inter national Geo-
physical Year, which itself had kicked off 
the space age, it was natural that the acad-
emy invite one of the two IGY founders, 
the British geophysicist Sydney Chapman, 
to speak. But the invitation was, in a way, 
surprising, because Alfvén, Birkeland’s 
long-time proponent, had long had public 
arguments with Chapman. Whatever 
his reasons, and despite the well-known 
disagreements lasting over two decades, 
Chapman agreed to talk at the symposium. 
By 1967, Chapman had achieved a distin-
guished scientific career spanning just over 
50 years. He had made major contributions 
in many fields of aeronomy, geomagnetism 
and solar physics. He had been not only one 
of the originators of the idea of the Inter-
national Geophysical Year but, with Lloyd 
Berkner, he had steered the global project 
through to its successful culmination in 
1957, ushering in the space age. 
Chapman’s keynote talk at the Birke-
land symposium was published in the 
conference proceedings (Chapman 1968), 
so there is no doubt about what he said 
and that he intended to say it. Chapman 
was dismissive of Birkeland throughout. 
His tone was remarkable, as this sample 
shows: “Though Birkeland was certainly 
interested in the aurora and devoted a 
great effort to organization and support 
to expeditions to increase our knowledge 
of it, it must be confessed that his direct 
observational contributions were slight.” 
According to eyewitnesses, in particular 
Alex Dessler (now of Texas A&M Univer-
sity) and Gordon Rostoker (University of 
Alberta), Chapman’s patronizing style 
in speech exceeded that of the published 
paper. Even non-specialists in the audience 
were stunned by the put-down of Birkeland 
(Southwood 2015). 
Anyone who met Chapman knew him 
to be a polite Englishman, with a reserve 
that was perhaps typical of someone from 
a Quaker background in the north of 
England. This was more than a lapse in 
protocol: there had to be something else 
5 Northern Lights over North Norway. (Fredrik Broms/Northern Lights Photography)
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underlying the discourtesy. There was, first 
of all, an enormous difference in scientific 
approach between the two men. Chapman 
was at the pinnacle of the Anglo-Saxon 
scientific establishment, which had ignored 
Birkeland since his death. He was at heart a 
mathematician with a belief that statistical 
analysis was the way that data should be 
brought to bear on theory in geomagnet-
ism. Birkeland was, in contrast, a practical 
physicist and a Norwegian who had spent 
many hours watching the dynamic displays 
of the Northern Lights. But that alone does 
not seem enough to explain the antagonism. 
A strange irony 
Southwood (2015) uncovered aspects of 
the early careers of each man that suggest 
that Chapman’s negative attitude had a 
personal explanation. Birkeland, after 
leading the polar expeditions that led to the 
triangulation of the high-altitude source 
of the auroral light and its association with 
geomagnetic disturbances, 
wrote a paper to Nature 
propounding his view that 
electrons streaming ulti-
mately from the Sun might 
be the cause. The manuscript 
came to Arthur Schuster at the University 
of Manchester to review; he pointed out 
that a stream of purely negatively charged 
electrons would rapidly be quenched as the 
Earth charged up. Birkeland immediately 
revised his argument, suggesting that the 
streams contained particles of both signs 
and, in 1908, he published the sketch shown 
here in figure 2 in the second of three 
major reports he published on the scientific 
results of his expeditions. However, he did 
not resubmit to Nature. Moreover, despite 
the 1908 publications, Schuster (1911) 
published his own refutation of Birkeland’s 
single-charge theory. 
A decade later, in 1918, very early in 
his career, Chapman published a major 
statistical study of the geomagnetic storm 
disturbances (Chapman 1918). He added as 
a theoretical idea a model almost identical 
to Birkeland’s original proposal of stream-
ing electrons from the Sun. This time it was 
Frederick Lindemann (later Lord Cherwell 
and friend of Winston Churchill) who 
published a refutation (Lindemann 1919). 
Such a rebuke must have been hurtful for 
Chapman. Bearing in mind that Schuster’s 
(1911) refutation of Birkeland was never 
counter-argued in the British literature 
– Birkeland’s 1908 research reports from 
his Arctic expeditions being Norwegian 
publications – perhaps personal feelings lie 
behind his otherwise strange antipathy. 
It was not until the 1930s that Chapman 
returned with his student Vincent Fer-
raro to the problem, including the idea of a 
balanced stream of positive and negatively 
charged particles (Chapman & Ferraro 
1930, 1931, 1932). Ironically, although both 
Chapman and Birkeland ended up propos-
ing a stream from the Sun with no net 
charge, they made opposite assumptions 
about how the charges would reach the 
terrestrial environment. Birkeland had the 
charges travelling along the magnetic field 
to the upper atmosphere, something that 
can happen in the polar cusps of the terres-
trial magnetosphere, while Chapman and 
Ferraro effectively predicted the existence 
of the magnetosphere by concentrating on 
the formation of a magnetic cavity about 
the Earth that excluded solar 
material. Controversy raged 
between Chapman’s British 
school and the Scandinavian 
school with Alfvén as its 
leading light, until the 1970s. 
As Southwood (2015) points out, and 
indeed as is now taken for granted by 
solar–terrestrial scientists today, the open 
magnetosphere model of Dungey (1961) rec-
onciled the two apparently contradictory 
ideas. By the late seventies it had become 
the standard model for solar–terrestrial 
interaction. Dungey’s model showed that 
the geomagnetic currents in the ionosphere 
were driven by an emf or voltage that was 
ultimately provided by solar material 
ejected from the Sun, a possibility long 
ignored by most of the British school. Field-
aligned currents, such as Birkeland had 
predicted, were a natural feature of Dun-
gey’s model because they were part of the 
stress transfer between the solar environ-
ment and that of the Earth. One could even 
deduce how large they need be. 
It is clear that Birkeland was hurt by the 
lack of acceptance of his ideas in the Anglo-
Saxon world. It is perhaps also clear that 
Chapman’s attitude, given that his influ-
ence in that world was huge, contributed to 
the continued lack of attention. However, 
it is only fair to give Chapman the final 
word. Southwood (2015) quotes Chapman’s 
student Syun-Ichi Akasofu about a letter 
he received in 1969 about the field-aligned 
currents, which everyone now regards as a 
fundamental feature of the solar–terrestrial 
interaction: “Chapman mentioned in his 
letter to me on 13 April 1969, ‘the history of 
studies of geomagnetic disturbances is a 
tangled skein,’ and he continued ‘but I did 
overlook something [a three-dimensional 
current system, the author’s insertion] to 
which I was blind and they [Birkeland and 
Alfvén, the author’s insertion] saw. Perhaps 
people listened too much to me…’ ” This 
sounds like Chapman speaking and he was 
certainly right in that last sentence.
Lessons to learn 
Do personal feelings ever hold back the 
course of science? The answer is almost 
certainly yes, as this case illustrates. The 
refusal of most of the scientific establish-
ment to recognize that there could be verti-
cal electrical current flow into and out of 
the atmosphere from deep space certainly 
held back progress. Once accepted, the 
idea of such currents flowing in and out of 
the upper atmosphere almost inexorably 
leads to the understanding that the driving 
electromotive force for much geomagnetic 
activity lies far away from Earth in deep 
space. This one fact justifies Birkeland 
being called the first space scientist. Before 
him, space was simply a vacuum. 
While Alfvén seems to have regarded 
it as obvious that plasma pervaded space, 
his early arguments unfortunately had 
incorrect elements. For example, he had 
difficulty accepting the notion of the 
magnetopause and the magnetospheric 
cavity. This surely owed something to the 
fact that it was known in its early days as 
the Chapman–Ferraro cavity. Neverthe-
less, if the British community had paid less 
attention to faults in Alfvén’s results and 
more to his logic, things would have moved 
much faster. 
Does the discovery that two great scien-
tists made the same elementary error early 
in their careers matter? Well, yes, because it 
also shows that, however great the research 
leader, researchers should always expect to 
understand for themselves. It also allows 
us lesser mortals some leeway for mistakes 
we make more regularly. And would things 
have been different if Birkeland himself had 
not tragically died so young? Who can tell? ●
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